In this study, various yeasts (Kluyveromyces marxianus, Saccharomyces turicensis, Pichia fermentans) and lactic acid bacteria (Lactobacillus kefiranofaciens, Lactobacillus kefiri, Leuconostoc mesenteroides) were entrapped in 2 different microspheres using an entrapment ratio for the strains that was based on the distribution ratio of these organisms in kefir grains. The purpose of this study was to develop a new technique to produce kefir using immobilized starter cultures isolated from kefir grains. An increase in cell counts with fermentation cycles was observed for both the lactic acid bacteria (LAB) and yeasts, whereas the cell counts of kefir grains were very stable during cultivation. Scanning electron microscopy showed that the short-chain lactobacilli and lactococci occupied the surface of the LAB microspheres, whereas the long-chain lactobacilli were inside the microspheres. When the yeasts were analyzed, cells at a high density were entrapped in cracks on the surface and within the microspheres, where they were surrounded by the short-chain lactobacilli. The distribution of the LAB and yeast species in kefir produced from grains and microspheres showed that there was no significant difference between the kefirs produced by the 2 methods; moreover, Leu. mesenteroides and K. marxianus were the predominating microflora in both types of kefir. There was no significant difference in the ethanol and exopolysaccharide contents between the 2 kefirs, although the acidity was different.
IntrODuCtIOn
Kefir is an acidic and mildly alcoholic fermented dairy product that is believed to contain many functional substances. Kefir differs from other fermented dairy products in that the milk is fermented by the presence of a mixed group of microflora confined to a matrix of discrete "kefir grains," which are recovered subsequent to fermentation (Marshall and Cole, 1985) . Kefir culture seems to have potential in the fabrication of a range of value-added products including whey cheese (Dimitrellou et al., 2007) , Feta-type cheese (Kourkoutas et al., 2006) , whey-based alcoholic beverages (Athanasiadis et al., 2004; Assadi et al., 2008; Dimitrellou et al., 2008) , potable alcohol (Athanasiadis et al., 2002; Kourkoutas et al., 2002) , and baker's yeast (Plessas et al., 2005) .
Modern kefir grain production is based on continuous cultivation in milk, resulting in biomass increase of 5 to 7% per day (Libudzisz and Piatkiewicz, 1990) , but kefir grains can only grow from pre-existing grains (Schoevers and Britz, 2003) . Motaghi et al. (1997) produced kefir grains in a goat-hide bag using pasteurized milk inoculated with sheep intestinal flora, followed by culture on the surface of milk. Despite intensive research and many attempts to produce kefir grains from the pure or mixed cultures that are normally present in the grains, no successful results have been reported to date (Liu and Moon, 1983; Libudzisz and Piatkiewicz, 1990) . This failure can probably be ascribed to the fact that very little is known about the mechanism of grain formation. It is likely that a combination of different factors influences the biomass increase of the kefir grains, including renewal of the milk at regular intervals, cultivation temperature, grain washing, and the presence of essential nutrients at the correct concentrations in the growth medium. Schoevers and Britz (2003) found the highest grain increase occurred when activated grains were cultivated with agitation at 25°C in low-fat milk containing tryptose and with the fermented milk replaced daily. However, the biomass increase of the grains was still too small and too slow to produce kefir commercially. In addition, a stable and constant starter culture would be necessary for manufacturing a quality kefir beverage and this is difficult to sustain because of the complex microbiological composition of the grains.
Several processes have been developed to produce a kefir-like beverage in which no grains are used. In Russia, a mother culture is prepared by carrying out traditional kefir fermentation and sieving the grains. About 1 to 3% of this mother culture is added to pasteurized milk (Farnworth and Mainville, 2003) . The use of defined cultures to produce kefir is also in progress as a way of standardizing kefir production (Duitschaever et al., 1988; Beshkova et al., 2002) , and this approach may eliminate the problems associated with the use of kefir grains (Duitschaever et al., 1987) . The use of the specific microflora isolated from kefir grains as a starter culture can produce a product whose properties are close to those of fine traditional kefir. However, the quality of these kefir products is significantly different from that of kefir fermented with grains (Farnworth and Mainville, 2003) . Organoleptic tests have shown that the kefir produced with kefir grains is more desirable compared with kefir produced with a starter culture (Assadi et al., 2000) . Beshkova et al. (2002) explained that the microflora of a kefir grain is in symbiotic equilibrium and that the species and quantitative structure of the various groups of microorganisms change significantly along the pathway from kefir grains to kefir and then on to a second batch of kefir.
Kefir production by kefir grains is difficult to put into practice, but the kefir produced by this method is of better quality compared with kefir produced by grain-free methods. A new method needs to be developed to maximize kefir production. Immobilization of kefir microorganisms may provide a solution to the large-scale production of kefir with a similar quality to that of fermented grain kefir. Among the available techniques for immobilizing living cells, entrapment in calcium alginate beads has been frequently used for the immobilization of microorganisms (Sheu and Marshall, 1993) . This technique has been anticipated in production of ethanol from beet molasses (Göksungur and Zorlu, 2001) , acceleration of cheese ripening (Desmond et al., 2002) , improvement of probiotic survival (Chen et al., 2007) , and continuous ethanol fermentation (Nagashima et al., 1984) .
Thus, the purpose of this study was to develop a new technique to produce kefir using entrapped starter cultures based on the yeast and bacterial strains isolated from kefir grains. In this research, kefir starter cultures previously isolated from kefir grains in our laboratory were immobilized in alginate microspheres. The encapsulation ratio of the strains was based on the strains' distribution ratio in kefir grains Wang et al., 2008) . The microbiological properties of the microspheres were investigated. In addition, because kefir quality depends on properties such as chemical composition, microflora, rheology, and organoleptic features, we also evaluated the microbial and chemical properties of the kefir produced by the entrapped cultures and then compared these with kefir made from kefir grains.
materIaLS anD metHODS

Microorganisms and Growth Conditions
Kefir grains collected from Taiwan were evaluated in this study. In the laboratory, kefir grains were inoculated (5%, wt/vol) and propagated in sterilized milk at 20°C for 20 h. The grains were retrieved by sieving, reinoculated into fresh pasteurized milk (National Taiwan University Experimental Dairy Farm, Taipei, Taiwan), and incubated again at 20°C for 20 h.
Various lactic acid bacteria (Lactobacillus kefiranofaciens, Lactobacillus kefiri, and Leuconostoc mesenteroides) and yeasts (Kluyveromyces marxianus, Saccharomyces turicensis, and Pichia fermentans) had been previously isolated from kefir grains and identified by PCR-denaturing gradient gel electrophoresis (DGGE) and DNA sequencing Wang et al., 2008) in our laboratory. All lactic acid bacteria (LAB) were cultured separately using Lactobacilli de Man, Rogosa, and Sharpe (MRS) broth (Difco Laboratories, Detroit, MI) incubated under aerobic conditions at 30°C. The yeasts were cultured separately in potato dextrose broth (Difco) at 25°C. Each culture was harvested after 24 h by centrifugation (3,000 × g, 10 min at 4°C), washed and resuspended twice in saline solution. The final cell counts for each kefir grain microorganism were then adjusted to 10 9 cells/mL.
Entrapment of Kefir Culture Starters
In this study, the yeasts (Klu. marxianus, S. turicensis, P. fermentans) and LAB strains (L. kefiranofaciens, L. kefiri, Leu. mesenteroides) were entrapped in 2 different microspheres, in which the entrapment ratio of the strains was based on the distribution ratio found in kefir grains Wang et al., 2008) . Microspheres were prepared by mixing 1% (vol/vol) of either the LAB strain mixture or the yeast mixture with 2% sodium alginate (Sigma, St. Louis, MO). An extrusion entrapment technique was then used (Chen et al., 2007) . After washing, 1% (vol/vol) of the culture concentrate was mixed with 50 mL of gel-coating solution that had been sterilized at 121°C for 15 min. The cell suspension was injected through a 0.11-gauge needle into sterile 0.1 M CaCl 2 . The beads were approximately 0.5 mm in diameter and were allowed to stand for 1 h to allow solidification. They were then rinsed with and subsequently stored in sterile 0.1% peptone solution at 4°C.
Production of Kefir
The kefir using the entrapped culture (microsphere kefir) was produced by adding 10% of the entrapped kefir culture starter (5% of the yeast microspheres and 5% of the LAB microspheres) to pasteurized milk at 20°C. The microspheres were sieved and transferred to fresh pasteurized milk every 24 h for 4 wk. Similarly, traditional kefir was produced by inoculating 10% (wt/ vol) kefir grains into fresh pasteurized milk at 20°C. The fresh pasteurized milk (3.5% fat, 3.3% protein, and 4.5% lactose) was from National Taiwan University Experimental Dairy Farm (Taipei, Taiwan). After 24 h of incubation, the kefir grains were removed and transferred to fresh pasteurized milk. This procedure was repeated 28 times with both the entrapped and traditional kefir cultures.
Microbiological Analysis
Determination of Yeast and LAB Cell Counts.
To study the effect of the consecutive fermentation cycles on the cell counts of the LAB and yeast within the entrapped kefir starter culture and kefir grains as well as the kefir produced by entrapped kefir starter culture or kefir grains, the numbers of viable LAB and yeasts expressed as colony-forming units per milliliter (cfu/ mL) were estimated. Serial dilutions of each sample were plated in triplicate and the plates were incubated at 30°C (for LAB) and 25°C (for yeast) until colonies formed. The results were the means of 6 counts at 3 different dilutions. The entrapped cells were released from the microspheres according to the method of Sheu and Marshall (1993) . For kefir grains, 10 g of grains was suspended in 90 g of sterile saline buffer (0.85% NaCl) and homogenized with a stomacher (Laboratory Blender Stomacher 400, Seward, London, UK) for 20 min.
Calculation of Encapsulation Efficiency
The encapsulation efficiency was calculated based on the modified version of the method of Lin et al. (2005) as follows:
Encapsulation efficiency
Encapsulated cells Total cells % ( ) =1 100,
where total cells is the cell count of microorganisms in the alginate blended with kefir culture starter and encapsulated cells is the cell count of the entrapped cells released from the microspheres to the buffer. The encapsulation efficiencies of LAB and yeast were 83 and 82%, respectively.
Determination of Strain Distribution. To determine the distribution of the LAB and yeasts, both the microcapsule kefir and traditional kefir strains underwent proliferation and isolation in MRS agar. The Harrison disc method, adopted from Harrigan (1998) , was performed to calculate the distribution of various microorganisms present in a sample. At least 10% of the total colonies were selected from each plate with 30 to 300 colonies and transferred to MRS broth (Difco) for further identification by PCR-DGGE and 16S rDNA sequencing. The PCR-DGGE and sequencing procedures followed the methods described by and Wang et al. (2008) .
Chemical Analysis
Lactic acid was analyzed by HPLC according to the procedure described by Chen et al. (2006) . Alcohol was determined by enzymatic methods as described by Beshkova et al. (2002) using K-EtOH kits (Megazyme International Ireland Limited, Wicklow, Ireland). The exopolysaccharide (EPS) assay was carried out by using the modified ethanol precipitation method according to the procedure described by Goh et al. (2005) , which was originally developed by Cerning et al. (1994) . Productivity of lactic acid and ethanol was defined as the grams of lactic acid or ethanol/volume produced per hour (Papapastolou et al., 2008) .
Scanning Electron Microscopy
The microstructures of the microspheres and kefir grains were observed by scanning electron microscopy according to the method of Lin et al. (1999) . The beads were fractured and opened using a surgical knife under microscopy. Samples were fixed in 30 g/L glutaraldehyde in 0.1 M phosphate buffer (pH 7.0) at 25°C for 4 h. The samples were then washed in 3 changes of buffer and post-fixed with 10 g/L osmium tetroxide in the same buffer at 25°C for 1 h. After washing in distilled water, the samples were dehydrated in an ethanol series: 15, 30, 50, and 70% for 10 min each; 85 and 95% for 15 min each; and 100% for 1 h. The resulting specimens were then critical-point dried (CO 2 Critical Point Dryer Samdri-PVT-3B, Tousimis, Rockville, MD). Eventually, the samples were fixed in stubs on double-faced metallic tape, covered with a fine layer of gold (Ion Coater JJFC1100E; Jeol Ltd., Tokyo, Japan) while applying a current of 40 mA, and observed by scanning electron microscopy (JSM-6300, Jeol Ltd.).
Statistical Analysis
Statistical analysis was performed using the ANOVA GLM procedure, and Duncan's multiple range test was implemented using the SAS software package (SAS Institute Inc., Cary, NC). Statistical significance was judged at the level P < 0.05. Experiments were performed 3 times.
reSuLtS anD DISCuSSIOn
Effect of Entrapment on Kefir Cultures
To understand the microbiological changes in microspheres during fermentation cycles, the viable counts of lactic acid bacteria and yeasts in microspheres were analyzed. An increase in cell counts with the number of fermentation cycles was observed in the microspheres for both LAB (10 7 to 10 12 cfu/g) and yeasts (10 5 to 10 7 cfu/g), whereas the cell counts in the kefir grains were very stable during cultivation (LAB: 10 9 cfu/g; yeast: 10 7 cfu/g). The number of entrapped viable cells in gel beads depends on cellular reaction kinetics, internal and external mass transfer of substrates and inhibition products, and on cell growth and release from the bead to the bulk medium . Alginate gel without living cells shows a diffusion coefficient for lowmolecular-weight substances similar to that in water (Gosmann and Rehm, 1988; Chai et al., 2004) , allowing the free diffusion of low-molecular-weight compounds such as nutrients and metabolic products. The diffusion rate decreases with increasing concentration of microorganisms within the gel matrix according to the exclusion effect. In addition, it was reported in the literature (Arnaud et al., 1992; Masson et al., 1994; Cachon et al., 1998 ) that entrapped cells could grow and colonize in the beads. Different parameters may influence the cell growth and releases from the bead surface to the bulk medium during fermentation including the type of microorganism and growth characteristics and the composition of gel beads. Other fermentation parameters such as temperature, pH, medium composition, and dilution rates greatly influence cell growth and consequently cell releases from the peripheral layer of beads to the fermentation medium . The characteristics of kefir grains are different from those of gel beads. The grain biomass, which contains several different bacteria and yeasts embedded in a complex matrix of protein and carbohydrate, increases by about 5 to 7% per day during continuous cultivation in milk (Libudzisz and Piatkiewicz, 1990; Schoevers and Britz, 2003) .
Lower yeast concentrations in both kefir grains and microspheres compared with immobilized LAB was also observed in this study. The oxygen consumption of yeasts was higher compared with LAB. Gosmann and Rehm (1988) indicated that yeast cells in alginate could not be sufficiently supplied with oxygen at high cell concentrations. The increasing CO 2 concentration due to alcoholic fermentation may have accelerated the decrease of the oxygen concentration in alginate. Lack of oxygen in the beads could be the reason limiting the propagation of yeast.
The effect of fermentation cycles on the microbiological status of the microspheres was also evaluated by scanning electron microscopy. The microspheres without cultivation were spherical [ Figure 1a (1989) reported that alginate microparticles usually have a core because of the capsule's heterogeneous gelation mechanism. Both the LAB and yeast microparticles retained their shape, but seemed to be larger, and have a rougher surface and higher porosity after 28 batch fermentation cycles ( Figure 1 and Figure 2 ). Gosmann and Rehm (1988) and Audet et al. (1991) indicated that microorganisms are able to produce organic acids that change the alginate network.
When the LAB microspheres were examined ( Figure  1) , aggregation of cells within the voids resulted in complete filling of the outer and inner pores of the microparticles. The very high viable immobilized biomass found in our study is in agreement with our previous viable counts of LAB and data reported in the literature for immobilized LAB by Bergmaier et al. (2005) using ImmobaSil (Cellon SA, Bereldange, Luxembourg). After 14 fermentation cycles [ Figure 1b (panel 2)] , the short-chain lactobacilli and lactococci were found to occupy the surface and the long-chain lactobacilli were found inside the microspheres [ Figure 1b (panel  3) ]. However, a morphological change in the LAB was observable after 28 fermentation cycles. The surface of the particle had become porous and was packed with a high density of short-chain lactobacilli; furthermore, short rods instead of long rods filled the center of the capsules. Cell adaptation is often accompanied by significant changes in cell morphology as a response to environmental perturbations (Ye et al., 1999; Jan et al., 2001) . Morphological changes have also been observed with immobilized Lactobacillus rhamnosus and Propionibacterium acidipropionici 3005 PROPeRtIeS OF KeFIR MANUFACtUReD BY eNtRAPPeD StARteR CUltUReS (Suwannakham and Yang, 2005) after continuous fermentation. In the high-cell-density environment with relatively low nutrient and high acid concentrations, the observed morphological change would be a natural response for cells to adapt and survive (Suwannakham and Yang, 2005) .
When the yeast microspheres were examined after 28 fermentation cycles, a high density of yeast cells was found entrapped in cracks on the surface of the capsules [ Figure 2b (panel 2)] and also packed within the interior of capsules [ Figure 2b (panel 3)] . Furthermore, it was interesting to note that short-chain lactobacilli were observed inside the yeast capsules [ Figure 2b (panel 3)] and these bacteria were surrounded by yeast cells. According to the scanning electron microscopy photos, cell growth at the beads destroyed gel structure, as also observed by Gosmann and Rehm (1988) and Audet et al. (1991) . Thus, lactobacilli might find a way to the center of yeast beads. Additionally, this close proximity presumably indicates some sort of physical-chemical interaction. Farnworth and Mainville (2003) reported that the yeasts found in kefir grains were essential to maintaining the integrity and viability of the microflora population. Amino acids and other essential growth factors for the bacteria are produced by yeasts, whereas bacterial metabolic end-products are used as energy sources by the yeasts. The symbiosis found in the kefir grain microflora allows the grains to maintain uniformity so that, throughout the year, the microbiological profile of kefir grains and kefir remains stable.
The microbiological composition of the kefir grains (Figure 3) consists of a high density of yeast, lactococci, and short-chain lactobacilli on the surface [ Figure 3a (panel 2)] and long-chain and short-chain LAB in the core [ Figure 3a (panel 3) ]. No morphological difference was found from the first to the last fermentation cycles.
The microbiological population appears to be different on the surface compared with the interior of both types of microspheres and the kefir grains (Figures 1, 2, and  3 ). This might be due, in part, to pH differences in different parts of the microspheres and grains; specifically, the interior of grains has been reported to have a very low pH that inhibits the growth of lactococci (Rea et al., 1996; Witthuhn et al., 2004) . Lacroix et al. (2005) also reported that conditions are more favorable for certain cell growth close to the bead surface because of diffusion limitations for both substrates and inhibitory products, mainly lactic acid in the case of LAB, which results in a sharp pH gradient in beads.
Microbiological Properties of Kefir Produced by Entrapped Starter Cultures
An increase in the cell counts with the number of fermentation cycles for kefir from microspheres (microcapsule kefir) and from grains (traditional kefir), as shown in Figure 4 , was observed. Immediately after the addition of microspheres to the milk, LAB reached a concentration of 10 4 cfu/mL and yeasts reached 10 3 cfu/mL. This indicated that part of the microflora contained in the capsule was immediately transferred to milk. Lacroix et al. (2005) explained that cell release from gel beads in the liquid medium occurs spontaneously because of the formation of the high-biomassdensity peripheral layer at the bead surface. The use of entrapped kefir cultures as the initial inoculum resulted in a lag period of up to 4 fermentation cycles before the filtrate reached a normal cell population for kefir. Similarly, the use of inactive kefir grains (in this case specifically frozen grains) resulted in a lag period of up to 2 fermentation cycles (Figure 4 ). This indicates that it is important to activate the entrapped starter cultures as well as kefir grains before using them for cultivation. It is worth noting that the kefir made from microspheres showed lower LAB and yeast population levels during early fermentation cycles. Perhaps only a few of the LAB and yeasts bound in the alginate beads were released from the bead surface to the bulk medium during the early fermentation cycles because of the low-biomass-density peripheral layer at the bead surface. The microscopy results on the microspheres (Figures 1 and 2 ) supported this hypothesis, with few or no microflora present on the surface of the capsules during the early fermentations; then, after several fermentation cycles, dense cells could be observed. Audet et al. (1991) also reported that peripheral gel cavities containing microcolonies are disrupted by cell growth and shear forces during continuous culture of immobilized LAB, resulting in acceleration of cell release.
The distribution of the species of LAB and yeasts in the kefirs from the grains and from the microspheres is given in Table 1 . Leuconostoc mesenteroides and K. marxianus were the predominant microflora in both kefirs. There was no difference among fermentation cycles. In our previous study , Klu. marxianus, a lactose-and galactose-positive yeast, accounted for 76% of total isolates from kefir grains and it is also the most dominant yeast found in these kefir grains. Lactobacillus kefiri accounted for 53% of the total LAB isolates, making it the most dominant LAB found in the kefir grains. This species was followed by Lb. kefiranofaciens (43%) and Leu. mesenteroides (4%). Nonetheless, Leu. mesenteroides was found to be the predominant LAB species in the microflora of both types of kefir. Several studies (Garrote et al., 1998; Beshkova et al., 2002) have revealed that lactococci are the most numerous LAB in the final kefir product. The microorganism profile of the final product does not necessarily parallel that of the grains because of the conditions during the fermentation process. In addition, the location of the microorganisms in the grains may be a factor (Farnworth and Mainville, 2003) . Lactococci are found on the periphery of the capsules (Figure 1 beads. Thus, it is likely that the number of lactococci immediately released into the milk is higher than that of other LAB.
Each strain provides a unique characteristic for kefir. As noted by Koroleva (1991) , the growth and survival of individual strains are dependent on the presence of others. Toba (1987) indicated several possible metabolic products that might contribute to the symbiotic relationship in kefir grains. The growth of Lb. kefir was enhanced when Candida kefir was added, either before or simultaneously, to the milk to be fermented (Linossier and Dousset, 1994) . Growth of the yeast, however, was not stimulated by the presence of the bacterium. When the 2 organisms were cultured together, the amounts of lactic acid, glycerol, and ethanol produced were increased (Farnworth and Mainville, 2003) .
Chemical Properties of Kefir Produced by Entrapped Culture Starters
For kefir made from grains, the pH dropped sharply from 6.7 to <4.3 during the first fermentation cycles and then slowly continued to decrease to pH 3.5 over the duration of the study (Table 2) , even though the milk was removed daily and replaced with fresh milk. A strong increase in titratable acid (TA) was also found in the kefir made from grains (Table 2) . After an initial major increase, the TA values stabilized between 1.28 and 1.45% and did not show any major changes over the remaining fermentation cycles. In contrast, the pH of the kefir produced from microspheres dropped slowly over the first 7 batch fermentation cycles to reach a pH value below 5.0 and then the pH stabilized in the 4.4 to 4.6 range. The TA result generally paralleled the pH, reaching an average value of 0.6% after 4 batch fermentation cycles and then slowly increasing to 1.0% progressively over the duration of the study. The measured TA is generally considered to parallel the amount of lactic acid produced within the kefir (Table 2 ). The lactic acid content of kefir made from grains reached 6.4 g/L after 3 fermentation cycles and continued to increase progressively, reaching 7.5 g/L by the end of the study. It is noteworthy that kefir made from grains had a higher TA concentration, a higher lactic acid concentration, and a lower pH than the kefir made from microspheres. The difference between the traditional kefir and microcapsule kefir may be a result of the differences in microbiological profile between the 2 inocula or symbiosis within the microorganism population of the kefir grains, which is probably more limited in the capsules. Although symbiosis was present in the entrapped kefir starter cultures, the fact that the LAB and yeast were entrapped in different microspheres might have interfered with any interaction between the LAB and yeasts. In addition, the effective diffusion coefficients for lactose and lactic acid were reduced proportionally to the bacterial concentration in the alginate gel beads (Øyaas et al., 1995) . The effective diffusion coefficients were significantly lower at pH 4.5 than at pH 5.5 and 6.5 for both lactose and lactic acid. The above factors might be the reasons for the higher pH in the kefir made from entrapped cultures.
The ethanol content and productivity (Table 2) increased slightly but significantly (P < 0.05) during fermentation cycles, reaching a final value of 0.7% and 0.3 g/L per hour, respectively, after 7 fermentation cycles for both types of inoculum. This value is within the range of values observed by other authors for kefir from different origins. However, the production of ethanol was significantly lower in the entrapped kefir cultures compared with grains before 6 fermentation cycles. This result was supported by the development of the yeast population in kefirs. In the traditional kefir, the viable yeast population count was 10 6 cfu/mL during batch fermentation cycles 1 to 5 compared with 10 4 to 10 5 cfu/mL for the microcapsule kefir. Other research (Beshkova et al., 2002; Farnworth and Mainville, 2003) has indicated that the final alcohol concentration in kefir is determined, for the most part, by the amount of yeast present in the grains that are added to the milk and on the duration of fermentation.
In addition, immobilization of kefir yeast cells for continuous production of fermented beverage, potable alcohol, and biofuel alcohol from whey as substrate has received considerable attention in recent years (Kourkoutas et al., 2002; Dimitrellou et al., 2008) . Our ethanol productivity values (Table 2) are within the range of values observed by other authors for production of alcohol using thermal-dried kefir biomass (Papapastolou et al., 2008) or immobilized kefir yeasts (Kourkoutas et al., 2002) strate. Several studies suggested that the use of whey in mixtures with low-cost raw materials such as molasses or raisin extracts and the application of a continuous process may significantly increase ethanol productivity and decrease alcohol production costs (Kourkoutas et al., 2002; Koutinas et al., 2007) . The formation of EPS increased slightly during cultivation, reaching a final value of 120 μg/mL by 7 fermentation cycles for both samples. The EPS content of the microcapsule kefir was lower than that of traditional kefir at 7 fermentation cycles; after this, both kefirs have the same EPS content and the amount remains stable. The bacteria that produce EPS have been the subject of additional research. Lactobacillus kefiranofaciens, which was present in our microspheres and grains, is known to be a polysaccharide-producing bacterium (Toba et al., 1991) . Although EPS is found in kefir grains, few reports have been published on the concentration of EPS in the final drink (Koroleva, 1991; Farnworth and Mainville, 2003) . Nonetheless, EPS may contribute significantly to the texture of kefir.
COnCLuSIOnS
Kefir quality depends on various properties such as chemical composition, microflora, and rheology features. By using entrapped starter cultures that had been isolated from kefir grains, the basic microbiological and physicochemical characteristics of traditional kefir were reproduced. This alternative production procedure for kefir eliminates the problems that arise from the use of kefir grains and should make possible the production of a standard product by the dairy industry. However, the use of entrapped kefir cultures as initial inoculum did result in a lag period before the filtrate reached the normal cell population for a kefir and therefore it is important to activate the entrapped starter cultures before using them for making kefir.
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